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Remarks 

In view of the above amendments and the following remarks, reconsideration of 
the outstanding office action is respectfully requested. 

Withdrawn claims 1-12 and 24-37 have been cancelled without prejudice, claims 
13, 15, and 18 have been amended, and new claims 38-53 have been introduced. 

Claims 13 and 15 have been rewritten in independent form, and claims 13, 15, 16, 
and 1 8 have been amended to specify that the recited step is "effective to enhance inhibition of 
the cancer cell growth, as compared to that caused by the anti-cancer agent alone" (claim 13), 
"effective to enhance killing of the cancer cells, as compared to the anti-cancer agent alone, and 
thereby treat the cancer" (claim 15), "alone, is effective to inhibit growth of the cancer cell" 
(claim 16), and "effective to cause cancer cell death, thereby treating the cancer" (claim 18). 
The comparative statements in claims 13 and 15 find descriptive support in the several examples. 
Claims 13 and 1 5 have also been modified to specify that the anti-cancer agent is a member of 
the recited Markush group. Descriptive support for the latter limitation is provided at pages 14- 
1 8 under the subsection heading "(2) Non-caspase inhibitor anti-cancer agents". Claim 1 8 has 
also been amended to recite that the subject is administered as "a pharmaceutical composition 
consisting essentially of a caspase inhibitor." No new matter is introduced by these amendments. 

New claims 38-41 find descriptive support at pages 10-14 under the subsection 
heading "(1) Caspase inhibitors"; new claims 42 and 43 find descriptive support at pages 14-18 
under the subsection heading "(2) Non-caspase inhibitor anti-cancer agents"; new claims 44-47 
find descriptive support at pages 18-20 under the subsection heading "(3) Antioxidants"; and 
new claims 48-53 find descriptive support in the examples and accompanying figures. 
Therefore, no new matter has been introduced by new claims 38-53. 

Claims 13-23 and 38-53 are pending, which includes independent claims 13, 15, 
16, and 18. Because this application contains not more than four independent claims and thirty- 
six total claims (the highest number previously paid for), no excess claim fees are due with this 
submission. Included with this submission is a Petition for Three-month Extension of Time. All 
additional fees can be charged (and any overpayment credited) to Deposit Account 14-1 138. 
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The rejection of claims 13-23 under 35 U.S.C. § 1 12 (1 st para.) for lack of written 
descriptive support is respectfully traversed. 

The U.S. Patent and Trademark Office ("PTO") asserts at pages 2-4 of the office 
action that the genus of caspase inhibitors, including the subgenera of pan caspase inhibitors, and 
inhibitors specific for caspase-3, caspase-8, or caspase-9, are not adequately disclosed in the 
specification, because the specification does not adequately disclose what agents would be 
encompassed by these terms and new caspase inhibitors are still being identified. 

Applicants submit that the fact that members of these groups are still being 
identified is irrelevant; rather, the issue is whether a person of skill in the art would understand 
the scope of the term and whether applicants were in possession of the invention as claimed. 
Applicants submit that persons of skill in the art would have understood the meaning of these 
terms and what compounds fall within these specific subgenera (i.e., correlation of structure and 
function), and moreover that applicants were in possession of the invention as claimed, 

The specification describes a number of caspase inhibitors on pages 10-14 of the 
present application, and various references cited on these pages are incorporated by reference 
into the body of the application. These references demonstrate that a number of peptide and 
peptidomimetic compounds had previously been identified in the prior art as caspase inhibitors, 
and that a correlation between structure and function was known. For example, U.S. Patent No. 
6,197,750 to Karanewsky et al. identifies a group of C-terminal modified oxamyl dipeptides as 
caspase inhibitors, U.S. Patent No. 6,242,422 to Karanewsky et al. identifies a group of 
substituted acyl dipeptides as caspase inhibitors, U.S. Patent No. 6,187,771 to Karanewsky et al, 
identifies tricyclic compounds as dipeptide mimetic caspase inhibitors, U.S. Patent No. 
6,184,244 to Karanewsky et al. identifies C-terminal modified (N-substituted)-2-indolyl 
dipeptides as caspase inhibitors, and U.S. Patent No. 6,225,288 to Han et al. identifies gamma- 
ketoacid dipeptides as caspase inhibitors. All of these prior U.S. patents are incorporated by 
reference into the present application. 

Moreover, persons of skill in the art would have been fully able to identify new 
caspase inhibitors by screening the new compounds using known assay formats to demonstrate 
specificity of the new compound as an inhibitor of a particular caspase or as a pan-caspase 
inhibitor. One of many such assays is described, for example, in Lee et al., "Potent and Selective 
Nonpeptide Inhibitors of Caspases 3 and 7 Inhibit Apoptosis and Maintain Cell Functionality," J. 

122953! 6,1 
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Biol. Chem. 275(21): 16007-16014 (2000) (copy attached as Exhibit 1), and others are identified 
in the above-listed U.S. patents. 

Finally, applicants demonstrate in the examples of the present application that 
anti-cancer agents, like BCNU or Cisplatin, when administered in combination with a variety of 
caspase inhibitors, including a caspase-3 inhibitor, a caspase-9 inhibitor, a caspase-8/9 inhibitor, 
or a pan-caspase inhibitor, can reduce the survival (i.e., enhance killing) of cancer cells such as 
glioblastoma cells and astrocytoma cells (see Figures 1-9) or colon cancer cells (see Figure 10) 
as compared to the results obtained with the anti-cancer agent alone. 

Because persons of skill in the art would fully appreciate that applicants have 
demonstrated the improved efficacy of the combination of a caspase inhibitor and an anticancer 
agent (i.e., a non-caspase inhibitor) for decreasing the survival of cancer cells, and given that 
persons of skill of skill in the art were fully aware of the structural and functional properties of 
various caspase inhibitors, including how to screen new agents for specific caspase inhibitory 
activity, the present application satisfies the written description requirement. Therefore, the 
rejection of claims 1 3-23 under 35 U.S.C. § 1 12 (1 st para.) for lack of written descriptive support 
is improper and should be withdrawn. 

The rejection of claims 13-23 under 35 U.S.C. § 112 (1 st para.) for lack of 
enablement is respectfully traversed. 

On pages 5-9 of the outstanding office action, the PTO asserts that the present 
application does not enable all combinations of caspase inhibitors and non-caspase anti-cancer 
agents for treating all cancers, and the specification does not teach which agents would be useful 
to treat which cancers and at what dosage. The PTO asserts that such a disclosure would be 
required, because there is significant unpredictability in the activity of caspase inhibitors. 
Applicants disagree. 

As noted above, the examples demonstrate effective killing of glioblastoma cells 
and astrocytoma cells using several different caspase inhibitors in combination with the 
alkylating agent BCNU and the effective killing of colon cancer cells using two different caspase 
inhibitors in combination with the platinum complex Cisplatin. 

One of the striking features of cancers is that there is, indeed, a great deal of 
overlap in treatment approaches. For example, the nitrosureas that are used extensively in 
treatment of brain tumors are also used in the treatment of some lymphomas, tamoxifen (which is 
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primarily used to treat breast cancer) is a drug of great interest in brain tumor treatment, and 5- 
fluorouruacii is used in the treatment of colon cancer but is a component of cocktaiis used in the 
treatment of multiple other cancers. Moreover, the general principles that underlie the biology of 
cancer cells show remarkable similarities across tissue boundaries, ranging from metabolic 
conditions (e.g., dependence on glycolysis, tendency to be more oxidized than the primary cells 
from which each cancer is thought to be descended) to means of recruitment of blood vessels. In 
particular, cancer ceils of different tissue origin share many similarities in respect to the 
suppression of normal cell death pathways. 

Given the above-noted similarities among many cancers, persons of skill in the art 
would be fully able to practice the claimed invention given the positive results achieved with 
three different cancer types, and the combination of multiple different caspase inhibitors with 
two different anti -cancer agents. 

For these reasons, the rejection of claims 13-23 under 35 U.S.C. § 1 12 (l s! para.) 
for lack of enablement is improper and should be withdrawn. 

The rejection of claims 13-23 under 35 U.S.C. § 102(b) as anticipated by 
WO 00/07616 to Koken et al. ("Koken"), as evidenced by corresponding U.S. Patent No. 
7,217,413 to Koken, is respectfully traversed. 

Koken teaches that certain combinations of caspase inhibitors with an agent that 
increases expression of the ProMyelocytic Leukemia ("PML") protein, such as a-, p- 5 or 
y-interferons, can improve apoptosis of undesired cells. 

With respect to claims 1 3-15, applicants submit that the amendments to claims 1 3 
and 15 explicitly exclude the subject matter of Koken. In particular, claims 13 and 15 (and 
claimed dependent thereon) encompass the combination of a caspase inhibitor and a non-caspase 
inhibitor anti-cancer agent, where "the non-caspase inhibitor anti-cancer agent is selected from 
the group of an anti-metabolite, a DNA interactive agent, a topoisomerase inhibitor, a tubulin 
interactive agent, and an anti-hormonal agent." Interferons do not fall within these classes of 
anti-cancer agents, and given the teachings of Koken one of skill in the art would not have 
expected other anti-cancer agents to function in cooperation with a caspase inhibitor to induce 
cancer cell death. Therefore, the rejection of claims 13 and 15 (and any claims dependent 
thereon) is improper. 
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With respect to claims 16 and 18, applicants note that nowhere in Koken is it 

taught that caspase inhibitors themselves (or caspase inhibitors alone) may cause the death of the 

cells under study. Indeed, in Example 4, Koken recites as follows: 

Primary monocytes exposed to a-interferon were subjected to gradual cell death 
which led to the complete disappearance of the cell culture after seven days 
(FIGS. 3 A and 3B). During the addition of zVAD with a-interferon, the death of 
the whole cell population was observed within 24 hours in the absence of nuclear 
fragmentation and of condensation of chromatin observed with interferon alone 
(FIGS. 3 A and 3B). Little or no cell death was observed with zVAD alone for 20 
days in most of the primary cultures (8/11) (FIGS. 3 A and 3B). In three cultures 
out of eleven, zVAD alone induced the death of part of the culture after seven 
days, these results probably reflecting an endogenous secretion of interferon. 
Similar results were obtained with other caspase inhibitors such as DEVD," 

Koken at Col. 9 (emphasis introduced). Thus, Koken suggests that only a caspase inhibitor in 
combination with other agents that induce PML expression, such as interferons, can be useful to 
induce cell death. For this reason, the limitations of claim 16 (reciting that the "introducing [of] 
a caspase inhibitor to the cancer ceil, . . .alone, is effective to inhibit growth of the cancer cell") 
and claim 18 (reciting that the subject is administered "a pharmaceutical composition consisting 
essentially of a caspase inhibitor" excludes the combination of Koken. The rejection of claims 
1 6 and 1 8 (and claims dependent thereon) is therefore improper. 

For these reasons, the rejection of claims 13-23 under 35 U.S.C. § 102(b) as 
anticipated by Koken should be withdrawn. 

The rejection of claims 13-23 under 35 U.S.C. § 102(b) as anticipated by PCT 
Publication WO 01/27140 to Weber et al. ("Weber") is respectfully traversed. 

Weber teaches the use of a number of caspase inhibitors for inhibiting non-cancer 
cell death during chemotherapy and radiation therapy. Although Weber specifically concerns 
inhibiting non-cancer cell death, the PTO at page 10 of the office action appears to rely on an 
inherency argument insofar as Weber calls for administering the caspase inhibitor in combination 
with a chemotherapeutic agent. Applicants submit that reliance on inherency is improper for the 
reasons discussed below. 

Firstly, Weber does not teach or suggest each and every limitation of the claimed 
invention. In particular, Weber fails to teach that the combination of the caspase inhibitor and 
anti-cancer agent is "effective to enhance inhibition of the cancer cell growth, as compared to 
that caused by the anti-cancer agent alone" (as recited in claim 13) or "effective to enhance 
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killing of the cancer cells, as compared to the anti-cancer agent alone, and thereby treat the 
cancer" (claim 1 5). In addition, Weber most certainly fails to teach or suggest that the caspase 
inhibitor itself (i.e., alone) is "effective to inhibit growth of the cancer cell" (claim 16) or 
"effective to cause cancer cell death, thereby treating the cancer" (claim 18). 

Secondly, it is a well established basis of patent law that new uses of known 
processes are patentable. See 35 U.S.C. § 101 (2008) ("Whoever invents or discovers any new 
and useful process ... may obtain a patent therefore...."); 35 U.S.C. § 100(b) (2008) ("The term 
'process' means process, art or method, and includes a new use of a known process, machine, 
manufacture, composition of matter, or material."). Whether or not a new use of a known 
process is patentable depends on whether or not the known process is "directed to the same 
purpose" as previously known processes. See Bristol-Myers Squibb Co. v. Ben Venue Labs, Inc., 
246 F.3d 1368, 1376, 58 USPQ2d 1508, 1514 (Fed. Cir. 2001) (emphasis added). In Bristol- 
Myers, the Federal Circuit held that claims directed to methods of treating patients for taxol- 
sensitive tumors by administering a certain dosage of taxol to a patient over about three hours, 
either with or without pretreatment of the patient for reduction of hypersensitivity to taxol, were 
inherently taught by a reference that reported phase I testing of taxol, using dosages and time 
constraints as claimed, and suggested pretreatment of patients to reduce their hypersensitivity. 
Importantly, the court noted that the claimed methods were for the same purpose as the known 
process described in the prior art (id), and the claimed methods did not require a particular result 
of the recited steps (246 F.3d at 1372-73, 1378; 58 USPQ2d at 1514, 1515). 

In contrast to the art and the claimed subject matter presented in Bristol-Myers, 
where the claims were held to be invalid, the purpose of the administered combination (claims 13 
and 15) or administered caspase inhibitor (claims 16 and 18) is very different from that described 
in the cited art. In Weber, the purpose is to promote survival of non-cancer cells, whereas in the 
claimed invention the purpose is "enhance inhibition of the cancer cell growth" (claim 13, 
emphasis introduced), "enhance killing of the cancer cells. . .and thereby treat the cancer" (claim 
15, emphasis introduced), "to inhibit growth of the cancer cell" (claim 16). and "cause cancer 
cell death, thereby treating the cancer" (claim 18). Because the purpose of Weber is very 
different from the purposes of the claimed methods, the present invention represents a patentable 
new use. 
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For all these reasons, the rejection of claims 13-23 under 35 U.S.C. § 102(b) as 
anticipated by Weber is improper and should be withdrawn. 

Because claims 13, 15, 16, and 18 are patentable for the reasons noted above, 
applicants submit that new claims 38-53, which depend from one of these independent claims, 
are likewise patentable. 

In view of all the foregoing, it is submitted that this case is in condition for 
allowance and such allowance is earnestly solicited. 

Respectfully submitted, 

Date: December 9. 2008 /Edwin V. Merkei/ 

Edwin V. Merkei 
Registration No. 40,087 

NIXON PEABODY LLP 
1100 Clinton Square 
Rochester, New York 14604-1792 
Telephone: (585)263-1128 
Facsimile: (585)263-1600 
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Caspases have been strongly implicated to play an 
essential role in apoptosis. A critical question regarding 
the role(s) of these proteases is whether selective inhi- 
S\ bition of an effector easpase(s) will prevent cell death. 
3S We have identified potent and selective non-peptide in- 

»«B hibitors of the effector caspases 3 and 7. The inhibition 

£ of apoptosis and maintenance of cell functionality with 
fi a caspase 3/7 -selective inhibitor is demonstrated for the 

|j first time, and suggests that targeting these two 

«•» caspases alone is sufficient for blocking apoptosis. Fur- 

ls thermore, an x-ray co-crystal structure of the complex 

"7-4 betwe< ii » ecoi ibinant human caspase 3 and an isatin 

S sulfonamide inhibitor has been solved to 2.8-A resolu- 

tion. In contrast to previously reported peptide-based 
jjg caspase inhibitors, the isatin sulfonamides derive their 

selectivity for caspases 3 and 7 by interacting primarily 
O with the S_ subsite, and do not bind in the caspase pri- 

ll mary aspartic acid binding pocket (S,). These inhibitors 

C blocked apoptosis in murine bone marrow neutrophils 

3 and human chondrocytes. Furthermore, in camptoth- 

© ecin-induced chondrocyte apoptosis, cell functionality 

™I? as measured by type II collagen promoter activity is 

j(z maintained, an activity considered essential for carti- 

lage homeostasis. These data suggest that inhibiting 
chondrocyte cell death with a caspase 3/7-selective in- 
hibitor may provide a novel therapeutic approach for 
the prevention and treatment of osteoarthritis, or other 
disease states characterized by excessive apoptosis. 



Significant advances toward understanding the molecular 
mechanisms of apoptosis have been achieved in recent years, 
and the role of caspases as integral cuaiporumts of Lin-- signal 
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transduction process lias been intensely studied (1,2). Eleven 
human caspases have been identified thus far (3), and a critical 
question surround 1 i b r in) dtion of down- 

t I'd II I 1' l* tl II i 1 l Ttit II II [III il ituig ( 1 

Caspase-null mutants have been used to demonstrate the 
importanc e of individual family members in murine embryonic 
development, and cells derived from these caspase-deficient 
mice have allowed the association of individual caspases with 
specific morphological changes that occur during apoptosis (4- 
8). However, because these animals either die in utero or pos- 
sess short life spans, their utility in the development of rele- 
vant disease models is severely compromised. 

The involvement of caspase(s) in apoptosis is more fre- 
quently characterized in vitro by measuring enzyme activities 
and evaluating the effects of inhibitors in cell lysates and tissue 
extracts. Cell-based studies have been performed using pep- 
tide inhibitors with limited cell permeabilities, irreversible 
peptide inhibitors, and prodrug peptide inhibitors (9-11). 
The moderate caspase sclectivities associated with these re- 
agents have made it difficult to assess the importance of a 
specific caspase in apoptosis, and the interpretation of results 
is often ambiguous. 

Caspase 3 has been found to he activated in virtually every 
model of apoptosis (12), It belongs to a subfamily of effector 
caspases, which also includes caspases 6 and 7, These caspases 
are activator.; downstream of initiator caspases such as 8 and 
10. Natural substrates of caspaso 3 include many proteins 
involved in cell maintenance and/or repair I 13). For example, 
oligonucleosome fragmentation tONA laddering! is a eharacter- 
i.sti feature of apoptosis i ' iat b aspasi activated 

i eo\ ,i boi uclease (CAD whose ai at.on i ffi cted In the 
caspase 3-mediated cleavage of the CAD inhibitor ICAD (14). 
The availability of a selective inhibitor of caspase 3 would allow 
the evaluation of the potential lor inhibition of apoptosis at the 
level of an effector caspase. 

Osteoarthritis (OA) is a degenerative joint disease histolog- 
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icaily characterized by the erosion of articular cartilage and is 
a potential candidate for an anti-apoptotic therapeutic agent. 
Chondrocytes are the only cell type found in cartilage and are 

t <; to th lit?. El o popt I 1 

reported in superficial, mid-zone, and hypertrophic chondro- 
cytes in OA cartilage (15, 16). In addition, chondrocytes adja- 
cent to OA lesioi 1 I ^ene involved 
in the inhibition of apoptosis (17;. Cartilage degradation ap- 
pears to result from cleavage of matrix proteins by proteolytic 
enzymes derived from chondrocytes and/or s.vriuviucyti's. As OA 
progresses, tli 0 i raed a.ad cnui 
drocyte cell death increases (18-21). 

In several transgenic models, dysregulated apoptosis has 
been observed in chondrocyte- associated with major structural 
and developmental abnormalities, thereby suggesting a critical 
role Cor the regulation of this process in articular cartilage 
(22-24). Increased numbers of apoptotx chondrocytes have 
also been observed in animal models with surgically induced 
OA (25). Therefore, the evidences suggesting a role for apoptosis 
in chondrocyte from i m 1 ^aitilage is both extensive and 
convincing. Furthermore, during the development of OA, it has 
be< ime evirien that j 0 ] totit events are dysregulated. 

fied potent and seit in i leds 
caspases 3 and 7 and have evaluated their potential to inhibit 
apoptosis in two cell-based models. In addition, the caspase 
3/7-auk'ctivi iuh . it 'J - ' 1 u:d ipo fusis m ■ *<> ist i 
arthritis model and demonstrated for the first time that 
caspase 3/7 activity alone is critical in chondrocyte apoptosis 
and that our inhibitors may lead ultimately to a novel thera- 
peutic strategy, In addition, the compounds inhibited apoptosis 
in mouse bone marrow neutrophils, which have previously 
been shown to be dependent upon caspase 3 for apoptosis (5). 
Our results suggest that inhibition of caspase 3 and/or 7 is 
essential for the apoptosis of multiple cell types and that inhi- 
bition of this activity may represent a novel approach for the 
treatment of diseases characterized by excessive apoptosis, 
such as OA. 

EXPERIMENTAL PROCEDURES 
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able from Aldrich. Sodium 5 isatinsuHun u Vn ... vas mated with 
phosphorus oxychloride in sulfalititc at 80 "C to yield 5-chiorosuIfonyl- 
i lor sill i ', ii riydi-utara will 
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adjusted to 5 mM dithiothreitoS. Activation of proenzyme to pl0/p20 
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ifirmeG/iror.; and were added to the 
inhibitors tesried were daiitee, into Me, 
mixture; the fine e...Si ,t.i-ai 
was measured at 30 °C with a Cytoflu 
(Perseptive Biosystems) at an excitatii 
emission wavelength of 460 nm. 
Crystallography— Co-crystals of tin 



A, c 96,0 A. Diffraction data were collected o; the X12B bea.-nimo of 
the National Synchros on gl Mm f m- ivi f ionai Labora 
tory, Upton, NYi from . jk i en crystal with its largest 
i -t or o less than 20 n fhe street are ot i p '■■ ■ 
inhibitor 4 complex was determined by difference Fourier using the 
coordinates of the isomorphous caspase 3 complex with Ac-JJl'.VD- 
dimethylbenzoate previously determined and refined to 2.0 A (data riot 
shown). Initially, the difference electron density maps showed a 3<t 
peak in the active site lh i i f the map * is i dec! by 



Selective Caspase 3 1 7 Inhibitors Prevent Apoptosis 



16009 



I i I r } i ] l i I I p 

Cys ul " is covalently linked to C-3 of the inhibitor and the crystal 
struct are ofepi-5. The model was refined in X-PLOR(28. 29), and 0(30) 
was used for manipulation oi the model. The average B-i'aetor for 

L 1 I 1 t 1 | t t - 11 

of the asymmetric unit includes residues 29-173 and 185-277 of 
i r 15 wa n]i I 1 oteeale -4 

' - r * u 3 r n i w ere treated 

i 1.) .a n, i 11^ it J id" . n I u hPMI n,. c . 

(LifeTechtiofog! I-,. I u.. li.' It. I :i ■ i.e. 11^ Hy- 

il i i 1 iIh ii ii ' F | u i il'i. 1" i i i nil i ii tl btre 

II 1 M lie I 11 II nit li. 

i ) (i p lelie tube ti h ' " I ii j ii i 1 n| U th ii 

r e i liA rj 1 li i i uatior. 

of neutrophil viability by FACS analysis, and the remainder was used 

l W\ v ddm " n an L iIih |,, i 1 u I i . i 

i u 1 1 riant, cells were washer, and 

stained with jnli ir 1 dume-i em isotniocvanace TfoeJiaii-e rise 
Diego, CA.i, and propidium locade and analyzed by flow cytometry. This 

es amps ■ ii ed bv fACS. For the DMA laodei - , 
DMA released mto the cytoplasm was extracted, run on a I'O agarose 
gel, and struma! -ach : -thulium branid,- ;m 

Chondrocyte Cell Culture. The immortnlite.d human chondrocyte 
eel! line C20.A4 (31) was grown in 50/5;) DMEM-'HaaVs F-12 medium 
(Life Technologies, Inc.) supplemented with 0.)'; beet inactivated FBS 
(HyeJone Laboratories, Inc.), penicillin I 10 imit-'ta!;. and st reptomyciii 
(50 ng/ml) (Life Technologies, Inc.). 

Bovine chondrocytes were isolated from the articular cartilage of 
histolog 1 r 1 1 | etacarpal nts of calves (0-3 months of 

gel. Ch ndrocytes wcic isolated 1 izyme digestion as 

hyaiuronidase {type I-S from bovine testes) in DMEM without serum for 
20 min at 37 °C. The hyaluronidase was then removed, and the tissue 
was incubated in 50 mi of 0,25% Promise F. in D.MEM without serum for 
20 min at 37 °C. The Pronase E was removed, and the cartilage was 
then incubated with 0.2% Clostridium histolytica™, collagenase D 
(Roche Molecular Biochemicals) in DMEM plus 10% FBS overnight at 
37 °C. The digested tissue was filtered through a 100-jum cell filter 
(Falcon), and the cells were pelleted by centrif'ugation (1200 x g for 10 
min), The primary bovine chondrocytes were grown routinely in Ham's 

Technologies, Inc.). All cells were cultured at 37 °C in a humidified 
atmosphere of 9 "> ir. 5 CO pi* i t erce the cells 

wi i ulli red using pslti-LL Life '1 hn fogies. Inc.) 

Chondrocyte Cell Death ELISA— Human chondrocyte cells (C20/A4) 
(31) or primary bovine chondrocytes were grown in 24-well plates at 
20,000 cells/well overnight and then treated with either camptothecin 
alonedfig/ni' Fu n I i in > II n 4 eg id) and Z-VAD-FMK (50 
jiiM) or isatin sulfonamides for 24 h. Cell lysates were prepared by 
combining the cells from the monolayer with the cells, which detached 
during the treatment, period, (foils feasting In the media were pelleted 
by cer.triiugation for 5 rear, at 1.000 x g. resuspeifoed In the cuuHiiac 
tint b sis t. fit 1 ti led hack to ine tin ml a>i an tb it i 

ceil population was brought to 500 ,-.d with iysts baffrr. The samples 
wore lysed tor 00 nan at 4 C ana then centrirageri for 10 min at 
14 ('I'd ' i l.ii ' , I. - it - 0 ii d * i ii i n and 

oligemic! osuira IN A I gmei 1 i d.i n in r. eel death ELLS A 
following the manufacturer's protocol 'Roche Molecular Biochemicals). 
Ctmmirmytv Promoter Reporter Assay— Human chondrocyte cells 

I Z{>!\ 1 1 - 1 I ! 1 1 in , i i 1 1 til re e 

were transiently transfer:! ed with a construct • pGI.,3 -Basfo-NEO'- 
COL2AL' in which the regnlamrv ■leqiieiae i 077 to 3426: 1.02; of the 
type 11 collagen .CUWAI ? gene :s driving a a.ciforase reporter gene. To 
i i [ i ti i tb i i i taut, f I < 

IP rted at the Ran: HI site of the pGL0-Bas:c vector ■.Proniegal d'he 
4 0 101: COLZA! fragment was inserted at the XkoUMh.il sites and 
ti in,' 1 1 una the I 2 i X , 0 red [in t.ii, 1 i ii chondrocytes 

i tl 1 i 1 1 T i i F 

ble ceO One generation, cells were grown overnight .;: :0 cm dishes at 
1 x 10" cells/dish and transfected with 20 ug of pGL3-Bassc-NEO r - 
f:(JL2Al. Single clones ■ r a me i t 41£ 

fed' Technologies, inc : at 400 ug/nn tor 2-3 weeks. Positive cells 
grown from single clones were maintained in media containing 200 
jig/ml G418. Transiently transfected primary bovine cells and stablv 
transfected C20.A4 calls were seeded lit 24-well plates at 25,000 cells/ 
well overnight and then treated wail either camptothecin aiane a; 
jtgfail) or camptothecin 14 .agdnli with Z-VAD-FMK (50 jum) or isatin 




Fig. 1. Caspase inhibitors. 



id n i i tl In h t i i , tin 1 i , i 1 ill e hi ffered 

sfiiii ml il KM i ' 11 ol th manufacturi - I- is buffer 

tPromega: for 10 am- while nicking til room temperature. Lyaates were 
centrifuged for 30 s at 14.000 x «. and the clear lysate was transferred 
to a new tube prior to reporter analysis. Samples (20 jjd) were trans- 
ferred to a Sfi-wel: lumiae.-cer.c! d at.i-at . ur: plate mid reacted with 100 u.1 
of the luelteic-- , •••„, ■ , ut I in o,u winch was injected l\ a 
Microlumat LB96P luminometer (Wallac) in order m measure lucifer- 
ase activity. 

Statistical Analysis — For each parameter, differences between 
groups were as ed nt ' test u-ng Excel (Mi- 

crosoft Corp.), Differences with a value of p < 0.05 were considered 

RESULTS 

High throughput screening for inhibitors of recombinant hu- 
man caspase 3 resulted in the identification of 5-nitroiaatin (1, 
Fig. LI, which inhibited the enzyme with a ff,: lltP p> of 0.5 pt.vt 
(Table I). The potency of this compound and the non-peptidic 
nature of its structure made it an attractive starting point for 
a drug discovery effort. 

1 ' ! 1 i 11 n iied x-ray structure of caspase 3 

1 33). an initial binding hypothesis was developed. Our model 
was based on the assumption that a tetrahedral intermediate 
between the catalytic cysteine residue and the ketone carbonyl 
group of inhibitor 1 is formed (34). The mode of binding sug- 
gested that extension of the molecule from the 5-position would 
allow access to the S 2 -S.. (35) regions of the active site. In 
h rti ti there are metabolic -tin t issue- associated with 
nitroaromatics. Therefore, a chemical functionality that would 
allow for the facile incorporation of chemical diversity was 
ui T i* - i repla 1 the 5 -nil > group 16 1 did on 

of a series of groups resulted in the identification of isatin 
suitor -mm- 2' "tub inn :i m a 1 a tnitv aganioi 
caspase 3 (K tUipvi = 1.4 j*m). Relative to lead 1, isatin sulfona- 
mide 2 po.-ise.ssei n m b i i a eti . cti t for caspascs .1 3 
and 7 i Table 10 iVcpanuior: of an extensive series of com- 
pounds with variation of groups about the sulfonamide func- 
tionality and isatin nitrogen culminated in the identification of 
isatin sulfonamides 3 and 4, 60 and 15 nM inhibitor* of caspase 

respecti lit acksi i i il m i J00-lbld 

i i i i 1 i ul 

7 ;.13) versus all other family members except caspase 9. 
Against this caspasi fchi electr i ranged from 10- to 50-fold. 

The mechanism of Inhibition versus caspase 3 was demon- 
strated to be reversible and competitive with respect to the 
substrate Ac-DEVD-AMC. In addition, no evidence for time 
depen once i bserved, Fieve i I i i o pre- 

incubating recombinant human caspase 3 with inhibitor 3 
Samples of this mixture at several time points up to 2 h were 
diluted 40-fold into assay buffer, and enzyme activity was 
measured with the substrate Ac-DETO-AMC. The observed 
inhibition at all time points did not vary significantly over time 
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Table I 

Inhibitor selectivity of the isatin sulfonamides 
in i ri | I- i bed under "Experimental Procedures." 



m 

m 
m 



" Die ^. .„• 'f' -i *fis ealeof.ied from the cstimised IC.-.- usuib; die losev, ms. eqcatijii assuir.mo: competitive, iiihifiiua , vDdi ,s Duumtei 
for this class of compounds, A',,„,„ - iC,../il + i'S;./A' s :. v.+.ere IS, is the concentration of the substrate .11 die a! , MV and A', is the Michaeiis 
!■■( Uie substrate. 



and was consistent with that expected tor a freely and rapidly 
it vci.uhle mhlintoi Isnt sadfon fade 3 »aa competitive ver- 
sus caspase 3 with a K t of 83 nM (data not shown). 

The- basis of tails unique selectivity for caspases 3 and 7 was 
evaluated by examining the protein sequence alignments of the 
caspases against which the compounds were screened. Since 
these inhibitors were initially modeled to interact with the 
catalytic cysteine residue, we focused on those protein residues 
proximal to this region of the active site. This analysis revealed 
that the observed selectivity was likely due to three hydropho- 
bic residues in the S 2 pocket (Tyr 204 , Trp 206 , and Phe 256 ) that 
are unique to caspases 3 and 7 (Table II). In addition, the 
sequence alignments of caspases 5, 10, and 13, which were not 
available for testing directly, suggest that the isatin sulfon- 
amides may not inhibit these family members as potently as 
caspases 3 and 7. The residues corresponding to Tyr 204 and 
Trp a0B of caspase 3 are Val/Trp (caspases 5 and 13) and Tyr/Phe 
( caspase 10), The residue coiTesponding to Phe'- 5K of caspase 3 
for each of these caspases cannot be determined because of 
variability in loop size in this portion of the protein. 

A 2.8-A resolution x-ray co-crystal structure of the complex 
between recombinant human caspase 3 and isatin sulfonamide 
4 1 ! Man d. Data < Her < 1 u a r i ire a n inTa ile 

III rhe electron density rna 1 - ] port I it 
for all atoms of the isatin framework and pyrrolidine ring but 
weak density for the phenoxyuiethyi side-chain I Fig 2.4 « Com 
pared with the previously determined structure of taspaso 3 
(33), there are no significant differences in conformation of the 
amino acid side chains of the protein. 

As predicted by our initial hypothesis, the x-ray co-crystal 
structure reveals thai t ' f 11 iia form d 

between the catalytic cysteine thiolate and the isatin ketone 
carbonyl group (Fig. 223). The S 2 pocket is involved in extensive 
hydrophobic contacts with the pyrrolidine ring of the inhibitor 
and supports our initial proposal of the importance of this 
hydrophobic pocket for conferring specificity to the isatin sul- 
(briamides. As predicted, inhibitor I, which does not possess the 
pyrrolidine ring, exhibits only moderate selectivity between the 

fhc S, subsiti oi she is] uses ce.ufoi high 1< cm ty foi the 
cleavage of substrates possessing a P, aspartic acid (87-39). In 
the x-ray co-crystal structure, this subsrte is occupied only by a 
water molecule. Despite the absence of inhibitor binding- in the 
S, subsite, a representative set of isatin sulfonamides (inhibi- 

i and lil ed an g 1 J ■ 1 1 

of other cysteine proteases such as cathepsms B. L, K, and S 
(FC B0 values 3>5 fiw; data not shown) (40). In addition, these 
compounds exhibited little inhibition of human recombinant 
culpa 1 n ted in apoptosis (41) (<20% inhi- 

bition at 50 fiu) (data not shown). 

During' peptide s, , '1 , * woman pocket" 

formed by the backbone amide NHs of Cys 16a and Gly l3Si is 



Table 11 

s'- e <kh"£ ■ Caspar:; ,-ii'iV; i, 
-1 tin a 1 1 I tf- 1 1 Re 1 ii t iinmlii 1 

correspond to those of caspase £ "V indicates that the identity of the 
;:.-;.:.:;u i 1 t dus position .s arnlugoous h-or: die tir ic nl ana " — " 
indicates mat there is no coiwxfxmdiim residue. 



X )-:,y ilatn ruilsi-tiiitt ;wu refine 



I.I.jUj cUiirlinr itat.istit's 



Resolution (A) 
No. of observations 
Completeness fit) 
Redundancy 



a from standard geometry' 



1 Proiein-bonded atoms. 

" Deviations from the snitched bond lengths and bond angles com- 
piled by Engh and Huber (49). 

involved in stabilization fthc legat charged n> gen atom 
of the tetra'nedral intermediate, In the caspase 3/inhibitor 4 
structure, the oxygen of the tetrahedral intermediate and the 
amide carbonyl oxygen are within hydrogen bonding distance 
of Cys^NH and Gly la2 NH, respectively. There is a hydropho- 
bic and/or aromatic interaction between the edge of Tyr™ 4 with 
one face of the bicyclic isatin core, which likely contributes to 
the binding of the inhibitor. The phenoxymethyl side chain fits 
the data bo?, It when positioned in the shallow S,, pocket lined by- 
residues Sei*°, Arg 207 , and Ser''- = '. However, this density is 
weak (Fig. 2A), and a subsequent co-crystal structure with a 
closely related analog of mh > i shows strong electron den- 
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Fig. 2. A, 2F„ - F c electron density 
map. Stereo v;...w of ;hc finui 2F, - F 
• ! ■ ri i , i tap ai nti the i ' 
and water molecule contoured at 1 cr level. 
Trie map w a-, roamc'eii ,;sin« data be- 
tween 6.0 and 2.8 A and model pli<a.;es A 

m i. „ -,p mh lit i I' I 

atom to C.V3' J "'Sv. the nyrroaame rice, 
binds in the S., bird x-y. porker rod the 
ph. noxj r ■ h i i liot he 5ha.ii 
liindins to. h j ii" Hi- ~ pool i 

pared UP wittf BOBBCRlvt^f^r and 
Raster3D. B, crystal structure of enzyme/ 
inhibitor 4 complex. Stereo view of the 
molecular surface representation of the 



roide 4 



site 



implex 

stalync 



and the hyaraphcbic I 



of inhibitor 4 are gray; oxygen atoms are 
red, nitrogen atom is fcte, and sulfur 
/ i he figure w as generated 
using tho program MOLMOL (48). 



sity for this side chain on the surface of Phe 25fi . s In addition, in 
the caspase 3/inhibitor 4 structure, Ser' H of a crystallographic 
symmetry-related molecule occludes this region about Phe 256 , 
and likely influences the observed positioning of the inhibitor 
side chain. 

We next evaluated the ability of isatin sulfonamide 4 to 
functionally inhibit apoptosis in a caspase 3-dependent cell- 
based model of apoptosis. Apoptosis as measured by dye exclu- 
sion in mou.se 'none marrow neutrophils derived from caspase 
gox..w~ mu t an t s jjgd previously been shown to be dependent 
upon caspase 3 :5). We tbei i i j neutrophils 

1 i erate apoi I 1 bi 

the presence and ibsi i iti * t urcd tier 3 h. 

" ! lependem ii, f - a- in isured iy doubie- 

labeling for Gr-1 and propidium iodide exclusion following 
treatment with inhibitor 4 was observed. At 25 thore was 
an 80% reduction in cell death (Fig. M>. In addition, there was 
a complete abrogation of DNA laddering at 25 fiM (Fig. 3B). 
Since apoptosis is dependent upon caspase 3 in these cells (5), 
the difference between in vv.ro enzyme tlC,„ - 30 iim) and 
cellular apoptosis (IC 50 = 10 u.m) inhibition potencies is sug- 
gestive of protein binding and/or limited cell penetration of the 

To support this proposal, we demonstrated that the in vitro 
a a at hi a i ii b o int in man ca la 5 b isatin iMona 
mule I in 30 'it Jurku 1 tost I i for result. < a i iO-ii 1 
i te (t r ii t shown). Full inhibi 

tot it ti it I i J ret 1 



. A. Long j.L Adaiia.K K:l 1 J ' 1-r C.-M. Sung, 
D. P. Nadeau, M. E. Nuttall, and W. E DeWolf, Jr., 
n preparation. 




mixture with buffer (inhibitor potency is similar to that ob- 
served in 100% buffer), indicating that it- is a reversible binding 
event between inhibitor and cytosolic constituents. The nature 
and/or target(s) of this interaction is unknown at this time. 
Despite the attenuation in inhab t r pnt«»n< / 'bserved in neu- 
trophils, these results clearly establish the utility of inhibitor 4 
as a too; to study the importance of caspascs 3 and 7 in cellular 
apoptosis. 

The ability of these compounds to inhibit apoptosis was next 
examined in chondrocytes. Due to the scarcity of primary hu- 
man chondrocytes, we used primary bovine chondrocytes and 
an immortalized human chondrocyte cell line C20/A4 (32) to 
investigate the effect of inhibitor 4 and a related compound 
with much lowi t> I it> isatin sulfonamide 5, on chondrocyte 
apoptosis. The residues of caspase 3 with which the inhibitor 
interacts are identical between the bovine and human en- 
zymes. Camptothecin-induced apoptosis, determined by cell 
death ELJSA, was blocked completely by treatment wills the 
non-selective, irreversible peptide inhibitor Z-VAD-FMK (10) 
at 50 jtiM (Fig. 4, A and B). Treatment of C20/A4 cells and 
primary bovine chondrocytes with the caspase 3/7 selective 
inhibitor 4 also blocked cell death :H.':., . - 6 u.m). Compound 4 
was nontoxic at ail concentrations tested as measured by 
trypan blue exclusion (results not shown). In addition, pro- 
pidiuin iodide staining- was also inhibited by isatin sulfonamide 
4 (Pig. 5). The structurally related analog 5, which is a weak 
inhibitor of caspase 3 (Table I), failed to block cell death at 
concentrations up to 25 jam (Fig. 4, A and J5). 

D i i ! i ill hondi p 

optosis, the act 1 fth tnsfei d t ,pe II collagen promot- 
er-luciferase reporter was investigated in stably transacted 
< -l A.- c is ii hi > i 1 u I i bovine chon- 
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10 jig/mi CHX 
Isatin Sulfonamide 4 (jiM) 

10 pg/ml CHX 

llHli 





Treatment 

Fig 4. Tins effect of cospusv S/7-selective inhibitors on camp- 
tothecin-induccd apoptosis of human chondrocytes, lmmortal- 

1 hi ia C2U ii id] Tj [,A i and primary bovine chondrocytes 
(B) were treated with camptothecin (CAM) (4 ug/ml) alone or in com- 
bination with varying concentrations of compound 4 or 5, and cell death 
was measured and compared with the death of cells grown in serurn 
containing medium alone (control). Lysates from approximately 5 x 10 4 

I i I ell death was measured by the cell death 

ELISA. Results are mean ± S.D. (n = 3) (* = p < 0,02, compared with 
CAM treatment alone). 



Fig. 3 Inhibition of neutrophil apoptosis. Mouse hone marrow 
neutrophils were treated with or without 10 ug/ml CHX for 3 h at 37 °C 
in the absence or presence of the caspase 3/7-siOective inhibitors. Ap- 
optosis Wdd anahzed tr, 1 Ui; V a > 1 idee n,r B A, treated 
(Y'IIm were washed and hi m, u h ti f n fl i 1 1 in "n * 
nate and propidium iodide was added to asses viability. Compound 4 
1 | i n h I l 1 pi [ i n [ 1 

- ed ith l> \ h D I Id rinc 11 a i 

control with nr. CliX and treatment with varying concentrations of 
illinium 1 in Mn in of CHX are ■■; II. iihim, r, 71 
i i J" | I I I i 

i the induction of apopiosi i e 

pre muter activil m n 1> e 1U ie> te > 1 i gi tg a shutdown 
of chondrocyte matrix production (Fig. 6, A and B). The non- 
selective peptide inhibitor Z-VAD-FMK was able to signifi- 
cantly inhibit the loss of type [1 collagen promoter activity 
iii d after induction of apopt I the ca»past 

ci/7 -selective inhibitor 4 blocked the decrease of type TI collagen 
promoter activity iFig. 6, A and til No effect was shown by 
compound 5, a significantly less active compound against the 
isolated enzymes. Those data suggest that the caspase 3/7- 
selective it hibit 1 I p< ptosis in vitro yet maintain the 

t i pt ial activity of the chond nfk type II col 

ten • 7 urn 1 1 i 

DISCUSSION 

The isatin sulfonamides are the first reported examples of 
potent and selective inhibitors, of caspases 3 and 7 and repre- 



■00" 



□ 


10nM 




lOOnM 




1 uM 


□ 


10 uM 




35 uM 



Fto. 5. Inhibition of propidium iodide staining by caspase 3/7- 
selective inhibitors in human chondrocytes treated with camp- 
Mln-fiii > i - - i0/A-l; were trea 't , lit , i i com 

pound 4 plus or minus CAM (4 pg/ml). Propidium iodide staining was 
rn u n d ni 1 n i in d t d 1 ] i i t fair a r i 

ducedbyovemighttreatm.nl 1 ' \\ It ulU - - can - S.D. (n - 
iJ2 — I rr l 

sent a novel strategy for the development of active agents 
which block apoptosis. In contrast to currently available 
agents, these • 

the inhibitioi , 11 1 models of apoj 

1 i bitot. ii i T i i n 
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10 1 



control CAM CAM 4 5 

Z VAD-FMK 
Treatment 

I'li;. 6. The maintenance of type II collagen promoter activity 
after apoptotic insult in the presence of the euspawj inhibitors 
and Z-VAJD-FMK. The C20/A4 chondrocyte cells stably transfected (A) 
and primary bovine chondrocytes transiently transfected (B) with a 
construct in whi h th il r> sequences (-577 to +3426) of the 
type II collagen {COL2AD gene are driving luciferase reporter gene 
expression. Cells were grown in sertur rn i rn ur> as a control 
(controls. Cells were treated with 4 jug/ml CAM or 1 M g/ml CAM plus 
varying concentrations of compound 4 or 5 for 24 h. Expression of the 
C0L2AI gone w;;s mwniiri-tl h> lucifrruw ucliv ; .l.v nieoMirvmuia* using 
a luimnnmotci ftamlts are «pre ed e it e ght units /tL(/) 
Results are mean iz S.D. in = 3) (* = p < 0.02, compared with CAM 



the Sj, S 3 , and S 4 subsites is critical for potent and selective 
inhibition of caspases. Binding to the S subsite confers selec- 
tivity for casp ' I i i d ng to the and S,, sub ite s is 
ger.ei ^ 1 i i i t i | t 

(13). The x-ray crystal structure of the complex between inhib- 
itor 4 and caspase 3 shows minimal inhibitor interactions with 
these subsites. Instead, selectivity is obtained via extensive 
hydrophobic coma i the j it 1 

iter mid residues Tyr" 1 ', Trp'""\ arid Phe' :s ' : of the S , hydro- 
phobic pocket. Thus, the isatin sulfonamides are the first ex- 
amples of potent caspase inhibitors that achieve their 
s ectivit? tin mg ii i he S ? subsite 

Mi ti i h i in i in i i i tc i i i< i - 1 1 1 ml ib t> i 
of caspase 3. the effort yielded inhibitors with dual selectivity 
for caspases 3 and 7. However, caspases 3 and 7 are frequently 
activated at similar time points during the apoptotic signal 

tra.aschicto casead and may p ivn cchuidant roi 3 in tin 

1 r essi i i r Since the isatin $ d T n 

i d des iffer the abi to I 1 ftl Teetoi caspt -i = 

we I i, thest oi imp - evant i 

casuase 3 selective inhibitor. 

i ii 1 ' i i i i ii i i i i 4 i ispa ill 
i th i ha: inhibition of tii s 



it I I th j l I 

one of which has been shown to previously to be absolutely 
caspase 3-dependent (4, 5), Inhibition of mouse bone marrow 
neutrophil apoptosis with caspase 3/7-selective inhibitors is in 
agreement with the previous report iroin caspase 3 ,; ~' :i '" mu- 
tant mice, which have beer; shown tu be resistant to apoptotic 
insult (4, 5). This result suggests thai the mechanism by which 
these compounds exert then nt pi ti h tj is bj inhi 
bition of caspase 3, 

We next lowed that chondi -tea i 1 blocked 

by the caspase 3/7-selective inhibitors. The extracellular sig- 
nals that stimulate chondrocyte apoptosis in l;l-o and the in- 
tracellular pathways triggered that ultimately result in DNA 
fragmentation and cell death are not well understood. Chon- 
drocyte apoptosis can be triggered in vitro by multiple stimuli, 
which may reflect local pbysioloiikai conditions during the 
development and/or progression of OA, e.g. enhanced local cy- 

kine product I 1 i t 1 tor cancel 

trations (low serum) (42 1. Increased cytokine levels and re- 
duced growth factor environment nave been reported in aged/ 
diseased articular joints (42). Interleukin-1 and TNF-a are 
cytokines that have been proposed to play a role in both in- 
flarnmat.op ind non-inflan i i r 1 i s such as then 

matoid arthritis and OA and have both been reported to stim- 
ulate chondrocyte apoptosis :15. 43). In addition, we have also 
shown that multiple stimuli, including TNF-a and growth fac- 
tor withdrawal, induce caspase 3 activity in human and bovine 
chondrocytes (50). 

Chondrocytes are responsible for the production and main- 
tenance of the extracellular matrix, which functions to allow 
optimal fluid joint articulation, Therefore, inhibition of cell 
death alone may not be sufficient for a beneficial effect on the 
articular cartilage. Ideally, an anti -apoptotic agent would be 
required to prevent cell death yet maintain the chondrocyte as 
a matrix producing cell. Inhibition of apoptosis with the 

i p 7 i i u il f i t that. In oar studies, prevention 
of apoptosis by inhibition of caspase 3/7 activity resulted in 
maintenance of the transcriptional activity of the COL2A1 
promoter. Maintenance of type II collagen promoter activity 
suggests that expression, of this major cartilage matrix protein, 

ii lit i i mi a I i i -a ntors There- 

fore, in a catabolic state an anti-apoptotic agent may allow the 
cells, which were destined to die, to survive and more impor- 
tantly to continue to synthesize and deposit new matrix. A 
major issue in treating chronic dagenerativ. 1 uses will be to 
prevent the unwanted death of cells while not allowing the 
proliferative diseases, such as cancer or rheumatoid arthritis- 
associated synovial hypertrophy (44, 451, to flourish. Therefore, 
understanding the role of the specific apoptotic proteases and 
their aberrant function in these highly proliferative cells is an 
important, challenge. If cancer cell survival is indeed enhanced 
by nun -selective caspase inhibition, then therapeutic ap- 
proaches will need to be selective for the target, cell, so that 
general cellular hypertrophy is net stimulated. For inhibition 

ii ipoptosis U in h-i i 1 ill lent res ued "nan- 
dead" cells must function in a normal manner, A report by 
Da ds hi i ui Su lei bid n esid 1 "in i tioi in 
JJro.-up.hil oti t i i ii n i h 1 1 i t- i nidi 
lion similar to human retinitis pigmentosa. The cell survival 
protein p35 blocked apoptosis in the mutant photoreceptor 
cells, and the flies retained more visual function than mutant, 
untreated Hies. This mode! suggests that late stage (mature) 
anti-apoptotic therapeutic strategy ma be ffectrci igait t 
chronic degenerative diseases, 

Our data suggest that inhibiting chondrocyte cell death with 
lectivi 1 I r n . rl a I i in 
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n, J S„ Rao. Y„ and Prokop, D. J, 
Coutts, R. D., and Lota, M. (1998) 
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